The field pattern of the vertical dipole antenna (VDA) placed above a homogenous and isotropic medium is determined in this paper. The unknown current distribution (UCD) on the antenna is evaluated by solving the system of integral equations of Hallen's type (SIE-H) using a point-matching method (MoM) and a polynomial current approximation. The influence of the lossy half-space, expressed by the Sommerfeld's integral kernel (SIK), was modelled with a new, very simple and accurate approximate expression. In the surroundings of the antenna, this expression is valid for all positions of the antenna conductors, as well as all possible combinations of the electrical parameters of the ground. A certain number of numerical results were compared to the corresponding ones from the references.
Introduction
The problem of characterization of wire antennas placed above a semiconducting ground has engrossed authors for almost one century since the all in mathematical formulation of this problem (Sommerfeld, 1909) , which is notable from a rather rich bibliography of papers on this topic. This paper presents a sequel of researches performed at the Faculty of Electronic Engineering in Niš, whose aim was to model the SIK in a simple way, but at the same time, to introduce as fewer limitations as possible and give the results of satisfying accuracy [1] [2] [3] .
At the last year International PhD seminar (Computation of Electromagnetic Field, Sept. 2004., Budva, S&M), the first author informed the participators about the results of her researches, and presented a new simple model for the SIK, which was in the paper [1] at that time offered, and in the mean time accepted for publishing. Values of the UCD polynomial approximation and the input impedance/admittance of the vertical asymmetrical dipole antenna placed above a homogenous and isotropic medium were, in a rather simple manner, very accurately numerically determined using the MoM method and this new model for the SIK [1, 2] .
The UCD output results obtained by the proposed method were used, and the VDA field pattern was determined according to the far field model from [5] . The results for the field pattern were graphically illustrated for numerous examples. In the certain number of these examples, the results were compared to the available ones from [3, 4] .
Theoretical Background

Description of the VDA model geometry
The VDA placed above a homogenous and isotropic lossy half-space, fed by an ideal voltage δ -generator, of voltage 1V U = and angular frequency 2 f ω = π , is considered, Fig. 1 
Beginnings of k s′ -axes are at points
). The height of the antenna feed point is h , 2 h l ≥ . 
Brief description of the UCD evaluation using the new SIK model
The first step in solving of the proposed problem relates to determination of the UCD along the VDA conductors, as described in [1] .
For the purpose of determining the UCD and the input impedance/ admittance of the VDA, the moment method for numerical solving of the SIE-H (Appendix A1 in [3] ) with the polynomial approximation for the UCD, was used. In order to form the SIE-H it is primarily necessary to model the Hertz's vector in the vicinity of the VDA, which is described by the general expression:
where
is the standard potential kernel and ) ( 2 00 k v r S is the SIK of the vertical Hertz's dipole.
According to the used method, the UCD ) ( k k s I ′ is presumed to be in a polynomial form with unknown current coefficients km I ,
The influence of a lossy half-space defined by the SIK was modelled in a simple and very accurate way, as shown in [1] and [2] and partially illustrated in Appendix 1, i.e. 
where:
-the standard potential kernel from the image; and k
. The new SIK model (3) is used only in the phase of the UCD and the VDA input admittance determination.
Transversal electric field in the far field zone
After the UCD is obtained, the Hertz's vector in the far field zone is, according to [5] , in the following form 
-electrical lengths, and cos 
The solution of the (8) is given in the Appendix 2.
Numerical Results
Based on the previously described procedure, the VDA field pattern was determined for various parameters describing the model of the VDA placed above a homogenous and isotropic medium.
The field patterns of the half-wave dipole placed at heights For the sake of comparing, using discrete points, the results from [3] and [4] were shown in the same figures. The input admittances and impedances that correspond to these examples are arranged in Table 1 , and were calculated for the second polynomial degree 1 2 2 M M = = . Corresponding input admittances and impedances are given in Table 2 . 
Conclusion
The field pattern of the VDA placed above a homogenous and isotropic lossy half-space was determined in this paper. The new SIK model from [1] was used for numerical evaluation of the UCD, and for the field pattern determination, the expression for the far field from [5] .
From the presented results one can conclude:
• The field patterns have the expected shape;
• All three SIK models used for the near EM field determination, i.e. the UCD evaluation, give practically the same results when the field pattern is determined according to [5] , i.e. (7) 
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Appendix 1
Appendix 1 relates to illustration of accuracy of the SIK numerical evaluation using the new model (3) proposed in [1] . For the sake of comparing, corresponding values of exact SIK evaluation according to [7] and [8] ), is evident.
The accuracy of the current distribution evaluation along the VDA is, comparing to [3] , increased in this manner. 
Appendix 2
The integral (8) can be solved using the recurrent relations that are obtained by applying the method of partial integration. The solution is in the form: 
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